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Stability of the Frame

As a general rule, structures are built with the intent to remain upright under most
foreseeable situations. To insure stability, worst case situations of loading and movement should
be reviewed and proven to still provide a stable foundation for the structure. Normally, a soiid
foundation with an adequately sized base would be used to support tall, slender, heavy, structures.
However, when space constraints do not alliow for this, it is necessary to find an alternate, but
equally sound base for the support of the structure. This is the case with CMEX.

CMEX Upgrade is housed in the collision hall at CDF. There is littie room fo install large
based structures which is why the CMEX stand is so narrow. Obviously, this poses a stability
problem. It would appear that the structure would easily tip over. Two approaches were used to
solve this problem.

Approach #1: 3" rise of C.G.

A tall structure is generally more stable if the center of gravity (C.G.) is low. To help
accomplish this, a large mass of steel is positioned at the base, on the base, and under the base to
create the easiest and heaviest platform possibie so that the C.G. wouid be as low as possible. Once
the C.G. position of the entire structure is known (obtained from 3D solid modeler) and the base
dimensions are known, a simple approach can be applied to determine stability.

A standard which has been used in the past is to allow the structure to tip about a pivot point
until the C.G. has rotated to a position directly above the pivot point. At this position, any further
rotation wouid cause the structure to toppie. The vertical height, measured from the C.G. position
at rest to the C.G. position after rotation, should be 3" or greater for the structure to be considered
stable.

Approach #2: Energy Method

The energy methed asks the simple question; at what speed will a rolling structure topple if
its base is suddenly stopped.

Neglecting friction, an object traveling horizontally is losing or gaining no potential energy.
Infact, all of its energy is kinetic and internal. Since internal energy of this object will remain
unchanged, it may be omitted. When the object is abruptly stopped and begins to pivot about the
base point, the kinetic energy decreases while the potential energy increases (due to the rise in
C.G.). Like approach #1, when the C.G. is directly above the pivot point, it has reached its
maximum height before it will topple. Assuming that it stops at this point and does not topple, all
of its energy is now in the form of potential energy (we don't care what the energies were during
rotation, only at the two extremes). This simply means that the kinetic energy before rotation
must equal the potential energy after rotation; and surprisingly enough, it is not dependent on the
weight of the object. The velocity required to accomplish this maximum rotation is:

V = SQRT (64.4 * h) where h is the rise in C.G.

Once velocity has been determined, it must be decided if it is possible to move the object at
that speed. If it is possible, then stability will be questionable.

Calculations show that it takes 12-15 men to move the CMEX structure 4.22 ft/s (the
critical speed for tipping) in a distance of 50 ft. This is absurd because there isn't 50ft of free
rolling space in CDF and 12-15 men would be hard-pressed to gather let alone find room at the
base to push without being in each other's way. Therefore, chain hoists will be utilized to perform
a slow, controlled move of each CMEX frame. '
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